We have identi®ed a new member of the spalt-like gene family in mice, msal-3. We compared the expression patterns of msal-3 and msal-1 during development and show that they exhibit overlapping yet exclusive patterns of expression in the developing forebrain, diencephalon, midbrain/hindbrain boundary and spinal cord. Both genes are expressed from E7 in opposite gradients in primitive streak mesoderm. Subsequently their transcripts are localized to regions of mesenchyme/epithelial interaction in the palate, heart, limbs, anal and urogenital region. q
Results
The murine msal gene is a homologue of the Drosophila region speci®c homeotic gene spalt (sal) (Kuhnlein et al., 1994) . In Drosophila the sal gene is expressed in the anterior and posterior domains of the embryo and de®nes formation of terminal structures. Spalt is activated in response to decapentaplegic signaling and functions in the speci®cation and migration of tracheal cells in Drosophila. In Caenorhabditis elegans, sal is required for the migration of HSN serotonergic motor neurons and for the formation of sex myoblasts (Garriga et al., 1993; Basson and Horvitz, 1996; Kuhnlein and Schuh, 1996) . We have previously reported the isolation and characterization of a mouse homologue of the sal gene, msal-1. (Ott et al., 1996) . We report the isolation of a second sal-like gene from mice, the msal-3 gene, using the msal-1 cDNA as a probe on genomic and cDNA libraries (sequences have been deposited in the database). These genes share 55% overall amino acid similarity with identical zinc ®nger organization and also share a common genomic structure with a conserved intron position in zinc ®nger 9 (unpublished observations).
To gain an insight into the expression pattern of the msal-3 gene, RNase protection analyses were performed. The RNA is expressed during embryogenesis from E7 p.c. and is strongly expressed in the adult kidney and brain, is moderately expressed in liver and heart and is weakly expressed in the stomach and testis (Fig. 1) . To determine the spatial and temporal expression pro®le of msal-3 in the developing embryo we performed in situ hybridization from day E7 to E18.5. To compare msal-1 and msal-3 directly we hybridized adjacent sections with probes speci®c for either msal-3 or msal-1.
Post-implantation expression patterns
On E7 p.c. both genes are activated in the neural ectoderm and primitive streak (Fig. 2) . Msal-3 is expressed in a rostral to caudal gradient whereas msal-1 is opposite. Msal-3 is highly expressed throughout the developing head fold, head mesoderm and primitive streak mesoderm but only weakly in the primitive streak ectoderm ( Fig. 2A,C) . In contrast, msal-1 is not expressed throughout the headfold mesoderm, and has a more caudal boundary of expression in the neural ectoderm than msal-3 (Fig. 2B arrow) . In addition, msal-1 is strongly expressed in the primitive streak ectoderm and mesoderm and its expression extends into the allantois. A unique difference between the two genes is that msal-3 alone is expressed in the embryonic endoderm (Fig. 2C ,E,F). On E8 (Fig. 2D±F ) expression of msal-1 and msal-3 is maintained in the neural tube but becomes localized to ventral regions. Both genes are found in neural crest www.elsevier.com/locate/modo derived populations of mesenchyme cells in the branchial arches and palate, and also in the tail bud and other mesoderm derivatives. Msal-3 is transiently expressed in the somites from E8 until E9 (Fig. 2E,F ).
Expression in the developing CNS
From E8 msal-1 and msal-3 are found in VZ cells of the dorsal telencephalon and in the ventral neural tube extending from the cranial¯exure to the tail bud. This expression is maintained throughout the prenatal period. From E8.5 distinct expression of msal-1 and msal-3 are observed in the dorsal telencephalon, diencephalon, hindbrain and spinal cord. Msal-3 expression extends into the dorsomedial telencephalon where msal-1 is not detected (Figs. 3D,E and 4D). Both genes are strongly expressed in the midbrain/hindbrain boundary (Fig. 3A,B ). Nerve placodes (V±X) and the otic placode co-express msal-1 and msal-3 (Fig. 3A±E ). On E12.5 msal-1 is found in differentiating neurons in the pre-optic area and motor neuron nuclei in the hindbrain (Fig. 4E ). Msal-3 is primarily localized in VZ cells from E11 and weakly expressed in a sub-popula- Fig. 1 . Expression of Msal-3 in adult and embryonic tissue. RNase protection analyses of msal-3 in adult and embryonic tissue. The protected msal-3 transcript is indicated with an arrowhead. TATA±Box Binding Protein (TBP) is an internal control. Key: Z, marker; C, unprotected probe; R, control tRNA; B, Brain, M, muscle; H, heart; F, fat; K, kidney; L, lung; Lv, liver; P, pancreas; S, stomach; I, small intestine; II, large intestine; Th, thymus; Sp, spleen; O, ovary; T, testis; E10±E17 are total embryos ages: E10, E11, E12, E13, E14, E15, E16 and E17. Whole-mount in situ hybridization of E7.5 embryo with the msal-3 probe showing expression in the headfold. Sagittal sections of an E7.5 embryo hybridized with msal-1 (B) or msal-3 (C) showing expression in the allantois (a); headfold (h) and presomitic mesoderm (pm). n represents the node. Msal-1 is expressed in a caudal to rostral gradient where as msal-3 is rostral to caudal. Red arrows indicate the rostral limit of expression in the neural ectoderm. (D±F) In situ hybridization of an E8 embryo showing expression of msal-1 (D) in the neural tube and tail bud. Msal-3 (E,F) is also found in the neural tube and tail bud but is additionally expressed in the somites (s), foregut endoderm (read arrow) and heart in¯ow track (hr, red star). Neural crest derived cell populations in the palate and branchial arch also express both genes. Fig. 3 . Comparison of msal-1 and msal-3 from E9 to E10. On E9.75, msal-1 (A) and msal-3 (B) are expressed in overlapping and adjacent domains in the diencephalon (d) and in the midbrain/hindbrain boundary (*). These genes are co-expressed in the neural tube (n), nerve placodes (p) and limbbuds (l). Msal-3 is uniquely expressed in the ventral foregut (arrowhead) and is highly expressed in mesonephric tubules (arrow) and tailbud. Adjacent sections were hybridized with the msal-1 (C,F) or msal-3 (D,E,G) genes. Both genes are strongly expressed in the ventral forebrain (f), diencephalon (d) and hindbrain (h) and weakly expressed in the ventral otic vesicle (o) on E9.75 (C,D). Msal-3 alone is detected in the foregut endoderm (D, arrow). (E) Whole-mount in situ hybridizations showing expression pattern of msal-3 at E10.5, Expression is observed in the ventral forebrain, spinal cord, palate, branchial arches, peripheral nerves, limb buds and rectum. Expression in the midbrain/hindbrain boundary is indicated (arrowhead). (F,G) Transverse sections through the developing urogenital ridge showing weak msal-1 (F) and strong msal-3 (G) expression in the mesonephric tubules (u) on E10.5. In the spinal cord msal-1 and msaltion of motor neuron nuclei at E12.5 (Fig. 4F ). Msal-3 is also expressed in differentiating neurons in the olfactory epithelium, the vomeronasal organ, the retina, the septum, the diagonal band, as well as in neurons in the intermediate thalamic (not shown). In addition, msal-3 is detected in the lens epithelial cells surrounding the optic stalk and in the neurohypophysis (not shown).
From E8 in the spinal cord, these genes are expressed in similar domains, being absent from dorsal regions and present in intermediate and ventral cells. Subsequently, expression of both genes is up-regulated in dorsal regions and is detected in cells of the dorsal horn on E12.5 (Fig.  4A,B) . However some differences are obvious, between E8 and E12.5. Msal-1 is not expressed in the¯oor plate where msal-3 is found, whereas in the notochord the opposite is true, msal-1 is expressed and msal-3 is not (Fig. 3F,G) . Both genes are absent from the notochord after E12.5. At E11, as the neural tube differentiates, expression of msal-3 becomes primarily restricted to the VZ, where cells are actively dividing. Whereas msal-1 is only weakly expressed in the VZ. However, intense expression of msal-1 and weak expression of msal-3 is observed in differentiating neurons in the dorsal horn and ventral spinal cord (Fig. 4A arrowhead, B) . This expression persists postnatally (unpublished observations).
Expression in mesoderm derivatives
From E7 both genes are detected in primitive streak mesoderm. Subsequently, these genes are detected in regions of epithelium/mesenchyme interaction. For example both genes are expressed in overlapping domains in branchial arch mesoderm (Fig. 2D±F) , and in the developing palate (Fig. 3A±E) . Developing mammary glands express msal-3 (Fig. 6A,C) . Both genes are expressed in the developing urogenital ridge from E9.5 to E10.5 in pronephric and mesonephric tubules (Fig. 3A,B) , however msal-3 expression is consistently stronger (Fig. 3F,G) . The urogenital ridge gives rise to the kidney and associated structures Msal-1 is expressed in ventral neurons in the hypothalamus (red arrows in C). Msal-3 is expressed throughout the telencephalon (D, F arrowhead) and in the ganglionic eminences (F). In rostral sections msal-1 is detected in dorso-lateral telencephalic cells (black arrow in C) and localized to the GE in caudal sections (E). Msal-1 transcripts are also found in Hippocampal VZ cells (arrow in E) and present in differentiating motor nuclei in the brainstem (E, red arrows). Msal-3 is primarily localized to VZ cells in the brainstem and some differentiating neurons (arrow in F). Key: d, diencephalon; h, brainstem; t, telencephalon, v, ganglionic eminence. Fig. 5. (A,B) msal-1 and (C,D) msal-3 on E13.5. Msal-1 is weakly expressed in the kidney (A) whereas msal-3 is strongly expressed in peripheral mesenchyme and differentiating tubules (C, arrowhead). In the developing heart msal-1 alone is detected in the cushion pads (B, arrowhead). and to the genitalia, however during differentiation of the kidney, expression of msal-1 decreases and expression of msal-3 increases (Figs. 3F,G and 5A,C). On day 13.5 p.c. msal-1 is weakly expressed in differentiating glomeruli, whereas msal-3 is found in the peripheral mesoderm which is epithelializing (Fig. 5A,C) . Subsequently, msal-3 is found in comma and s-shaped bodies. Msal-1 and msal-3 are detected in mesoderm condensing around the pubis and anus, but msal-3 is expressed in a broader lateral area than msal-1 (not shown).
These genes show distinct patterns of expression in the developing heart from E8. Msal-1 is localized to developing endocardial cells. On day E13.5, strong expression of msal-1 becomes localized to the cushion pads of the heart (Fig.  5B ). Msal-3 is found in the heart in¯ow track in the developing cardiogenic region at E8 and is weakly detected in the myocardium at later developmental stages (Figs. 2F and 5D) .
Overlapping patterns of expression between msal-1 and msal-3 is observed in the developing limbbud mesenchyme from E9. In the progress zone Msal-1 is initially more broadly expressed than msal-3 (Fig. 3A,B) . During digit formation, both genes are expressed in undifferentiated mesenchyme condensing to form digits. msal-1 is downregulated in the digits and is only weakly expressed in inter-digit regions, while expression of msal-3 persists in the tips of the developing digits in regions of active proliferation and in inter-digit regions (Fig. 6B,C) .
These ®ndings are interesting in light of the abnormalities in patients with the autosomal dominant Townes-Brock disorder which have a point mutation in the human msal-3 gene. These patients suffer from anal, renal, limb, cardiac and hearing abnormalities in addition to mental retardation (Kohlhase et al., 1998) and the expression pattern of Msal-3 is consistent with it being a development regulator.
Experimental procedure

Isolation of the mouse msal-3 gene
We screened a mouse E10.5 p.c. cDNA library in lSHloxe (Novagen) with a 0.88 kb cDNA fragment of the msal-1 gene containing zinc ®nger pairs six and seven. The probe was labeled by random priming (Maniatis et al., 1989) and hybridized under low stringency conditions . Ten positive clones were obtained and rescued from the lSHlox tm vector using the manufacturers recommendations (Novagene). Positive clones were transformed into DH5 cells and sequenced on both strands by the dideoxy sequencing method (Maniatis et al., 1999) . A single positive 468 bp clone was identi®ed that showed homology to msal in the 3 H region. An oligo(dT) primed cDNA library from mouse kidney poly(A)
1
. RNA and a D3 mouse genomic libraries were screened with this clone under high stringency conditions to identify additional cDNA and genomic clones.
RNase protection analysis
Total RNA from a variety of mouse tissues or whole mouse embryos were isolated after homogenization in guanidinium thiocyanate (Maniatis et al., 1999) . RNase protection analyses were performed using a 0.48 kb fragment of the msal-3 gene as described . The antisense probes were hybridized against 50 mg of total RNA at 548C in 80% (vol/vol) formamide.
In situ hybridization
Prehybridization and hybridization were carried out as previously described Wilkinson, 1992) . Sections were photographed on a Nikon microscope using IPlap software. Dual images were taken in light and dark ®eld. Dark ®eld images were color inverted and superimposed on light ®eld images.
